During tumor development, tumor cells constantly communicate with the surrounding microenvironment through both biochemical and biophysical cues. In particular, the tumor microenvironment can instruct carcinoma cells to undergo a morphogenesis program termed epithelial-to-mesenchymal transition (EMT) to facilitate local invasion and metastatic dissemination. Growing evidence uncovered a plethora of microenvironmental factors in promoting EMT, including proinflammatory cytokines secreted by locally activated stromal cells, hypoxia conditions, extracellular matrix components, and mechanical properties. Here, we review various biochemical and biophysical factors in the tumor microenvironment that directly impinge upon the EMT program. Specifically, cytokines such as TGFb, TNFa, and IL6 and hypoxia are capable of inducing EMT in various tumors. Several extracellular matrix (ECM) proteins, including collagen-I, fibronectin, and hyaluronan, and ECM remodeling via extracellular lysyl oxidase are also implicated in regulating EMT. In preclinical studies and ongoing clinical trials, targeting these tumor microenvironmental signals has shown promises in halting tumor progression in various human cancers.
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Background
During tumor metastasis, the epithelial-to-mesenchymal transition (EMT) program has been indicated in giving rise to the dissemination of single tumor cells from primary epithelial tumors (1) . EMT refers to a global cellular and molecular transition by which polarized epithelial cells gain mesenchymal properties to migrate. During EMT, epithelial cells reorganize cytoskeleton and resolve cell-cell junctions, which are accompanied with switching off the expression of epithelial markers and turning on mesenchymal genes. Although changes in epithelial and mesenchymal markers during EMT can vary significantly in different biologic contexts, a network of transcription factors, including TWIST1/2, SNAIL1/2, ZEB1/2, and FOXC2, are consistently required to orchestrate the EMT program (2) . Numerous studies have shown that the expression of these transcription factors is associated with poor prognosis and distant metastasis in various human cancers (3) . Besides its role in promoting tumor cell invasion, EMT is shown to confer tumor cells with resistance to apoptosis (4) and anoikis (5) , thus allowing cell survival in the blood stream after intravasation. EMT could also facilitate tumor cells' escape from the senescence program, especially through TWIST1 and ZEB1 (6, 7) . Furthermore, EMT has been shown to endow cancer cells with cancer stem cell (CSC)-like features, which further aid tumor dormancy and chemoresistance (8, 9) .
Studies with tumor samples or experimental tumor xenograft models have provided convincing evidence for the activation of EMT in various primary epithelial tumors. Interestingly, more recent studies reveal a dynamic requirement of EMT in tumor metastasis: activation of EMT promotes local tumor invasion, intravasation, and extravasation of the systemic circulation, whereas reversion of EMT is essential to establish macrometastases in distant organs (1, 10) . The "reversible" EMT model implies that EMT is unlikely to be regulated by permanent genetic and epigenetic changes in tumor cells; instead, EMT is dynamically controlled by various proinvasion signals from the tumor microenvironment (TME).
The TME is defined as the cellular and physical environment surrounding the primary tumor-including endothelial, inflammatory and immune cells, fibroblasts, extracellular matrix (ECM) components, and soluble factors. In this review, we discuss the most relevant and direct connections between TME signals and the EMT-inducing transcription factors in cancer. On the basis of the properties of the TME signals, we divide our discussion into four major categories: inflammatory signals, hypoxia, ECM components, and ECM mechanical properties (Fig. 1) . shown to induce TWIST1 and SNAIL2 expression in prostate and non-small cell lung cancer (12, 13) . TGFb can also induce SNAIL1 and SNAIL2 via IKKa and SMAD signaling in pancreatic cancer cells (14) . Furthermore, Vincent and colleagues (15) showed that SNAIL-SMAD3/4 transcriptional repressor complex could promote TGFb-mediated EMT in breast cancer. Tumor necrosis factor-a (TNFa) is a crucial activator of the NF-kB signaling pathway, and activated NF-kB has been shown to induce multiple EMT transcription factors expression, including TWIST1, SNAIL2, and ZEB1/2 (16) (17) (18) . Furthermore, Wu and colleagues (19) found that NF-kB activation could stabilize SNAIL1 to further promote cell migration and invasion. The release of interleukins by immune cells, endothelial cells, and fibroblasts can also contribute to EMT. IL6 promotes EMT in head and neck cancer cells and correlates with increased TWIST1 and SNAIL1 expressions (20) . Sullivan and colleagues (21) showed that an IL6-TWIST1 positive feedback loop induces EMT in breast cancer cells. Taken together, various inflammatory cytokines from TME can regulate the expression and/or protein stability of EMT transcription factors to activate EMT and tumor invasion.
Hypoxia
Hypoxia condition has been shown to select tumor cells to become more invasive and metastatic. Specifically, hypoxia can promote EMT via hypoxia-inducible factor-1a (HIF1a; ref. 22) . HIF1a is found to increase SNAIL1 protein stability, leading to suppression of E-cadherin in ovarian carcinoma (23) . Yang and colleagues (24) found that HIF1a could induce TWIST1 expression by binding directly to the TWIST1 promoter. In addition, HIF1a cooperates with inflammatory cytokines to promote EMT. For example, HIF1a, together with TGFb, promotes SNAIL1 nuclear translocation to induce EMT through the suppression of estrogen receptor b in prostate carcinoma (25) . Also, HIF1a could enhance the expression of TWIST1 by upregulating TNFa, IL6, and TGFb in prostate cancer (26) . Hypoxia, together with the Wnt/ b-catenin signaling, can also promote SNAIL1 stability by inhibiting GSK3b (27) . Taken together, HIF1a, often in cooperation with additional TME factors, can induce EMT, suggesting a promising strategy to target hypoxic signaling for cancer therapeutics.
ECM components
ECM includes structural and nonstructural components that can activate cellular signaling through membrane-bound receptors such as integrins. The critical role of ECM in promoting EMT was already evident in the original experiments conducted by Greenburg and Hay (28) . They showed that epithelial cells from embryonic and adult anterior lens cultured in three-dimensional collagen gels can elongate and migrate as individual cells. Indeed, Greenburg and Hay (28) concluded that "interactions with ECM may be a major factor in the ability of a cell to become mesenchymal."
Recently, Zhang and colleagues (29) unraveled a direct connection between ECM structural protein collagen-I and SNAIL1. They found that collagen-I binds to its receptor DDR2 and activates downstream SRC/ERK2 to stabilize SNAIL1 in breast tumors cells. SNAIL1 further upregulates MT1-MMP and collagen-I to promote tumor cell invasion. Another ECM structural component, fibronectin, partly through binding to integrin receptors, induces SNAIL1 expression in tumor cells. This study demonstrated that cooperation of fibronectin and TGFb was required to activate the downstream SRC and ERK/MAPK kinases and induce EMT (30) . Hyaluronan (HA) is a major component of ECM and signals through its membrane receptor CD44, which is overexpressed in many human cancers. HA binding to tumor cells was found to induce CD44 nuclear translocation and activate LOX expression, which in turn upregulates TWIST1 expression to promote breast cancer metastasis (31) . Periostin, a nonstructural ECM component highly expressed in human tumors, could signal through integrins to increase cell survival and promote metastatic progression of colon cancer in vivo (32). Kim and colleagues (33) identified differential roles of periostin in EMT: it induces SNAIL1 expression in prostate cancer cells, whereas it inhibits TWIST1 expression in bladder cancer cells. These studies show that many ECM components are key regulators of EMT and tumor invasion.
ECM mechanical properties
During tumor progression, ECM is constantly remodeled by various cell types in the TME. Specifically, increasing matrix stiffness through LOX-mediated collagen cross-linking plays a critical role in tumor invasion and metastasis. Pioneer study by Paszek and colleagues (34) showed that increasing ECM stiffness induced a malignant phenotype, associated with activated FAK and ERK signaling. LOX-mediated ECM stiffening promoted tumor progression in vivo partially via an activated FAK signaling (35) . Conversely, treatment with a LOX inhibitor reduced focal adhesions and PI3K signaling, demonstrating that LOX modulates tumor progression through ECM stiffening to drive focal adhesion assembly. Furthermore, ECM stiffening was required to corporate with TGFb to induce EMT in human breast tumor cells (36) , further strengthening the notion that mechanical properties of the tumor microenvironment are key factors regulating EMT and promoting tumor progression.
Clinical-Translational Advances
Accumulating evidence supports a critical role of EMT in many aspects of tumor development, including resistance to apoptosis and senescence, CSCs, and invasion and metastasis, thus suggesting that targeting this process could be a promising therapeutic approach. However, the core EMT transcription factors remain technically challenging to target. Instead, a number of preclinical studies suggest that inhibiting EMT-inducing TME signals could serve as alternative approaches to impinge upon the EMT program. Here, we summarize therapeutics in preclinical and clinical studies that target TME to prevent tumor progression (Table 1) .
Inflammatory cytokines
Preclinical studies support the importance of inflammatory cytokines, including TNFa and IL6, in promoting EMT and tumor invasion. Several TNFa inhibitors have been tested in clinical trial in different types of cancers. For example, infliximab, a TNFa monoclonal blocking antibody, has been tested in phase II clinical trials in renal cell carcinoma and advanced cancers (37, 38) . These studies suggested that TNFa inhibitor was effective to suppress the levels of IL6 and CCL2 in patients and improved progress-free survival. Two clinical studies examined the therapeutic effects of etanercept, a TNFa antagonist, in recurrent ovarian cancer and metastatic breast cancer. Etanercept is well tolerated in patients and significantly improved progress-free survival with consistent decrease in CCL and IL levels (39, 40) . Because NF-kB is the essential downstream activator of the TNFa signaling, several clinical trials tested whether inhibition of NF-kB signaling could suppress tumor progression and metastasis. Bortezomib, a proteasome inhibitor that suppresses NF-kB activation, was tested in phase II clinical studies with metastatic gastric adenocarcinoma, and recurrent and metastatic head and neck squamous cell carcinoma (41, 42) . Although bortezomib alone showed poor response in patients, combination therapy with docetaxel or targeted inhibition of other oncogenic pathways are currently under way in solid tumors. Finally, various blocking antibodies against cytokines have been used in various clinical studies. CNTO-328, an IL6 ligand-blocking antibody, was tested in phase I/II clinical trials for the treatment of metastatic renal cell carcinoma. This study showed that CNTO-328 could increase patient survival and more than 50% of progressive metastatic renal cell carcinoma patients presented stable diseases upon treatment (43) . Together, these clinical trials in progress could bring a number of promising anti-inflammatory cytokine agents to the forefront of antimetastasis therapeutics.
The TGFb signaling is extensively targeted to block tumor progression and metastasis, and various approaches have been taken to inhibit the TGFb signaling. AP-12009, an antisense oligonucleotide against TGFbII, was tested in patients with high-grade glioma and significantly improved survival compared with standard chemotherapy treatment (44) . Furthermore, TGFbneutralizing antibody GC-1008 showed promises in phase I trial for metastatic melanoma and renal cell carcinoma (45) . Smallmolecule inhibitor, LY-573636, used in phase II clinical studies in patients with metastatic NSCLC, soft tissue sarcoma, and melanoma, has also shown modest activity as a second/third-line therapy (46) (47) (48) . These studies showed that inhibiting TGFb signaling pathway is safe, well tolerated in patients and could provide promising new therapeutics against tumor invasion.
Hypoxia
Several HIF1a inhibitors have also shown remarkable antitumor activities in a variety of preclinical and clinical trials. EZN-2698, an antisense oligonucleotide against of HIF1a, is being tested in a phase I clinical trial with advanced solid tumors (49) . Another HIF1a inhibitor, PX-478, which inhibit HIF1a expression, is currently tested in phase I clinical trials in patients with advanced metastatic cancer (49) . Several novel compounds have also been identified in a high-throughput screen using a cell-based reporter of HIF1a transcriptional activity. One such compound topotecan has been tested in phase I/II clinical trials with conventional chemotherapies such as cisplatin or bevacizumab in patients with advanced lung cancer. Clinical results indicate that combination treatment is well tolerated and worthy of further clinical investigation (50), thus making them promising agents against tumor metastasis.
ECM components
Disruption of tumor ECM integrity has shown promising results in halting tumor metastasis in preclinical studies. Methylumbelliferone, a HA synthesis inhibitor, was effective in preventing bone metastasis of lung cancer in vivo (51) . Neutralizing antibody directed against periostin resulted in 40% inhibition of tumor growth (P < 0.001), 80% inhibition of lung metastasis (P < 0.001), and significant increase in survival (P < 0.05) using mouse breast tumor xenografts (52) .
Because cells that have undergone EMT secrete many unique ECM components, these ECM molecules have also been used for targeting drug delivery to tumors. For example, a promising approach has been used in clinical trials for patients with glioblastoma multiforme (GBM), linking anti-Tenascin C antibody to radioactive particles to specifically target tumor cells. Result showed minimal toxicity associated with a promising antitumor benefit and encouraging overall outcomes (53) . Recently, engineered HA-based conjugates have emerged as a promising strategy to efficiently target tumors with drugs exerting poor solubility and strong side effects, such as paclitaxel (54) . These strategies take advantage of unique EMT-associated TME components to achieve targeted delivery of traditional chemotherapeutics, thus presenting a new anticancer therapeutic strategy.
ECM mechanical properties
In patients, the presence of fibrotic foci in breast tumors is a prognostic marker of distant metastasis and correlates with poor survival (55) . In addition, LOX is essential for hypoxia-induced breast cancer metastasis and its expression in patients is correlated to a poor outcome (56) . Finally, a recent study shows that LOX is critical to establish a permissive microenvironment within fibrotic tissues, characterized by increased EMT, to favor the colonization of metastasizing tumor cells (57) . Thus, anti-LOX strategies could suppress metastatic progression of the disease, not only by targeting the TME of the premetastatic niche, but also by targeting tumor cells themselves, as shown by the direct effect of LOX inhibition in attenuating FAK-dependent breast cancer cell invasion in a preclinical study (58) . Therapeutic inhibition of FAK, recently validated in a phase I study, may also be a promising approach to prevent the effect of TME stiffness on metastatic progression of several types of cancer. Indeed the use of pharmacologic inhibitor PF-00562271 in patients with advanced solid tumors unresponsive to existing therapies showed a significant stabilization of the disease, thus supporting FAK as a potential therapeutic target (59).
Conclusion and Discussion
As discussed, a number of inhibitors targeting TME are being tested in preclinical and clinical trials and well-tolerated in patients and several showed promising results. Because these TME signals regulate various signaling pathways, the impacts of these inhibitors on tumor progression are likely beyond the EMT program. Given the critical role of EMT in multiple steps of tumor progression, targeting the EMT-inducing TME signals is indeed worth pursuing to combat metastatic cancers.
However, there are also a number of issues to be resolved to better decide how to effectively affect tumor progression by targeting the EMT program. First, current clinical trials largely aim to shrink established metastases, in which the EMT program may not be involved. Instead, metastasis prevention trials in patients with cancer with high metastasis risk would be the appropriate setting to test the effect of EMT inhibition on metastasis occurrence. Second, recent studies demonstrated the dynamic involvement of EMT in tumor metastasis: activation of EMT promotes tumor dissemination and reversion of EMT is essential for outgrowth of macrometastases. Therefore, EMT inhibitor alone could be counter-productive in preventing distant metastases if patients already have disseminated tumor cells in distant organs. In these cases, combining therapies targeting TME signals with traditional chemotherapy and targeted therapies to simultaneously inhibit EMT and cell proliferation could be a more powerful approach to eradicate both migrating as well as proliferating tumor cells, thus halting tumor progression.
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